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Abstract— The performance of the low-speed operation of induction motor (IM) drives has been discovered to be degrading and the 

performance of indirect field-oriented control (IFOC)-based IM drives depends on the efficiency of the inner loop Stator Current 

Regulator (SCR). Therefore, this research proposed the use of the Adaptive Neuro-Fuzzy Inference System (ANFIS) SCR to enhance 

the performance and optimize the operations of IFOC-based IM drives. It also compared the controller with PI SCR to analyze and 

evaluate the differences in how they perform. The results showed PI and ANFIS produced the same dynamic speed response trend and 

the use of ANFIS was able to reduce integral absolute error (IAE) up to 0.481% and phase current consumption from 2.78A – 6.32A 

both in peak and RMS value. Furthermore, there was a 29.29% - 45.58% reduction in the phase current total harmonic distortion 

(THD). This means the application of ANFIS SCR on IFOC-based IM drives enhanced the performance in the current constraint for 

high-performance purposes and low-speed applications. 
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I. INTRODUCTION

The development of IM drives has increased along with a 
large number of IM utilization in the electric motor is driven 
system (EMDS), leading to approximately 60% of total 
electricity in the industry. It is, however, important to state 
that 69% of the total energy available is supplied to the 
industrial sector [1]-[3]. One popular revolution in IM drives 
is a vector or field-oriented control (FOC), commonly used to 
apply variable speed drives and motion control because of its 
superiority with high dynamic performance. It involves the 
decoupling of two components: flux and torque, which makes 
separate control possible as observed with separately excited 
DC motor treatment [1], [4]. In FOC drives, the indirect type 
(IFOC) is often used compared to direct ones (DFOC) 
because it is simple and effective without the need for sensor 
placement in the air gap for the acquisition of fluxes through 
computational techniques [1], [5].  

IM is operated at nominal torque and speed, but it is at low 
speed in some applications. However, this low-speed 
operation causes performance degradation due to noise and 
vibration and, consequently, low power factor and efficiency 
[6]. This is associated with the low frequencies it operates and 

observed to be affecting the value of the stator resistance and 
slip requirements to produce torque. Moreover, an inverter's 
nonlinear characteristics for a low voltage range also make it 
difficult [7].  

Therefore, it is necessary to control the speed, torque, flux, 
and current to produce high dynamic performance and 
improve the steady-state performance of IFOC which consists 
of two inner loops SCR, d-axis, and q-axis. Moreover, the 
high static and dynamic performance of IM drives depend on 
the inner loop [8], [9] such that it is possible to use d-axis SCR 
as a control variable for rotor flux while q-axis SCR is used 
for torque. Controlling the stator current on the dq-axis also 
affects forming the phase current of the IM formed by the 
current, voltage, and flux vectors in the dq-axis coordinate 
system [10]. Besides the performance improvement of these 
drives, another issue often discussed is the optimization of 
their operations, and this is established on three objective 
functions: increased efficiency, increased power factor, and 
minimization of stator or phase currents [11]. Furthermore, in 
the discussion of phase currents performance, the parameter 
usually considered is the harmonics and the presence of this 
factor represents an increase in copper losses which 
constitutes the majority portion of losses usually recorded in 
IM [12].  

440



Several studies have been conducted on the IFOC inner 
loop SCR issue to discuss the design of dq-axis SCR to 
produce high dynamic performance, efficiency optimization, 
and power loss minimization [13]. Generally, PI SCR is a 
standard used in the dq-axis SCR due to its ability to control 
signals in a wide range of frequencies, reliability, easy design, 
simplicity, and affordability [9, 14]. However, its major 
disadvantage is the difficulty of finding the best values of 
proportional and integral gains [13]. Moreover, several 
controllers include the model-based, requiring complex and 
detailed system modeling like sliding mode controller [15], 
[16]. Fuzzy Logic Controller (FLC) is also a popular topic in 
SCR because of its easy implementation, independent 
parameters, absence of detailed mathematical models, and the 
ability to handle nonlinear systems [5], [17], [18], [19], [20]. 
FLC's biggest challenge is determining the membership 
function (MF) with optimum distribution and the best 
simplest rule design [18]. Meanwhile, the Artificial Neural 
Network (ANN) offers other advantages such as learning 
mechanism, robustness, adaptation, and quickness, which can 
be used to generate rules and MF of FLC through ANFIS. 
Some ANFIS applications in FOC include estimators for 
speed [21], speed controller [22], [23], torque controller [24], 
and efficiency optimization [25]. Therefore, this article 
proposed the use of the ANFIS SCR for low-speed operation 
conditions of 10-20% rated speed to enhance performance 
through the optimization of IFOC-based IM drives operations. 
It was also focused on analyzing the dynamic speed 
performance, current consumption (in peak and RMS value), 
SCR error performance, and THD of phase current and also 
to compare ANFIS SCR with PI SCR for performance 
evaluation. However, the ANFIS SCR was only used on the 
d-axis SCR and applied to 10 HP IM drives with constant and 
varying loads validated through MATLAB/Simulink.  

II. MATERIALS AND METHOD 

This section describes the methodology of IFOC for 
induction motor drives and ANFIS stator current regulator. 
The first is an explanation about one of the methods of control 
for induction motor drive. Complex vectors form IM currents 

as represented in the dq-axis coordinate system. This also 
involves the combination of three-phase sinusoidal currents 
into stator current �� rotating against a particular frequency as 
in Eq. (1) and as illustrated in Fig 1.  

 

 
Fig. 1 Stator current formed by the phase current 
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Using this idea to combine other three-phase magnitudes such 
as complex vector voltages and flux linkages, it is possible to 
determine the angular speed as the circulate vector. Moreover, 
the dq-axis coordinate system rotating synchronously with all 
vectors divides three-phase magnitudes into two components, 
d and q. The equation of voltage, current, and flux linkage 
magnitude are expressed in Eq. (2)-(4). 

  �� � ��� � ����; �� � ��� � ���� (2) 

 �� � ��� � ����; �� � ��� � ���� (3) 

 �� � ��� � ����; �� � ��� � ���� (4)  

The division of two-component dq-axis coordinate systems, 
with the d-axis identical to the flux rotor and the q-axis to 
torque, leads to a condition where IM is linearized and treated 
like a separately excited DC motor. In FOC drives, IFOC is 
often used compared to DFOC and the block diagram of 
IFOC-based IM drives is shown in Fig. 2. 

 

 
Fig. 2 Block diagram of IFOC-based IM drives 

Four feedback signals are required in the process of IFOC. 
The first is rotor speed (��) obtained from the speed sensor 

for the speed controller feedback to produce torque reference 
(��

∗). This control signal serves as the input for the q-axis 
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stator current reference 	���
∗ � through Eq. (5) with additional 

flux estimation results ( ℎ��) obtained by Eq. (6) and the slip 
speed calculated using Eq. (7). Meanwhile, the d-axis stator 
current reference value (���

∗ ) is needed. 
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Three other feedback signals are obtained from the stator 
current based on the current sensors converted to dq-axis 
stator current using Clark-Park transformation, which uses the 
coordinate transformation calculated in Eq. (8). Therefore, the 
equations of stationary reference frame conversion using 
Clark transform are expressed in Eq. (9)-(10). 

 3� � 4	�5 � ��1� 6
 (8) 

 �7 �  �8 (9) 

 �9 �
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�8 �   
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While the equations of rotating frame conversion using 
Park transform are expressed in Eq. (11)-(12). 

 ��� �  �8 . cos	3� � �9 . sin 	3�  (11) 

 ��� �  A�8 . sin	3� � �9 . BCs 	3�  (12) 

The dq-axis stator current reference is subtracted by the dq-

axis stator current from the transformation, produces an error, 
and is used as input for the two inner loops SCR. It has, 
however, being reported that the Performance of IFOC-based 
IM drives depends on its inner loop [8], [9]. The output of two 
inner loops SCR (���

′′  and  ���
′′ ) is input for inverse Clark-Park 

transformation as written in Eq. (13)-(14). 
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Therefore, the inverse of Clark transformation is shown in Eq. 
(15)-(17). 
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The Clark-Park transformation output is used to produce 
the stator current reference required in the Current Regulator 
PWM (CRPWM) voltage source inverter (VSI), which are 
further used to feed IM drives by adjusting the frequency and 
magnitude of the three-phase signals. 

The second is an explanation about FLC combined with 
artificial neural networks' learning ability is often known as 
ANFIS and usually starts with a structured framework. 
Meanwhile, the level of learning flexibility is used to generate 
input and output MF by testing the available dataset [26]. 
Moreover, it is possible to arrange the dataset to be used for 
the training by removing the not-so-important data in order to 
update the process and obtain input-output information from 
the target system. Furthermore, the training process obtains 
the best response from the system, making it possible to check 
the output due to its linguistic structure easily. ANFIS uses 
the Sugeno fuzzy system as a result of computational 

efficiency and the use of multipurpose procedures, as shown 
in Fig 3. It is also important to note that it is structured in five 
layers with different functions [24]. A rule was set with two 
fuzzies using the if-then rules are obtained as follows:  
Rule 1: If x isF.andy isG.thenH.= I.x+ J.y+ �.  
Rule2: If x isF�andy isG�then H�= I�x+ J�y+ ��  

 
Fig. 3  Fuzzy Sugeno mechanism 

 

 
Fig. 4 The ANFIS structure with 2 input of fuzzy Sugeno 

 
The architecture of ANFIS is shown in Fig. 4 with the node 

in each layer having the same function. For example, each 
node in the layer l isK1,+ and can be expressed with Eq. (18). 

 H �
�MNM/��N�

�M/��
 = O.PPPPH. � O�PPPPH�  (18) 

Layer 1: Each node in this layer is an adaptive node with 
output in Eq. (19)-(20). 

 K1,1 � QR+	S�,           HC� � � 1,2 (19) 

 K1,+ � QV+W�	X�,         HC� � � 3,4 (20) 

Where x or y is the input node i, QR andQV are fuzzy set 
combined through the node function. The output of layer 1 is 
the MF value as the base part. 

Layer 2: The node's function is to multiply the incoming 
signal, and each node in this layer is fixed with the output 
producing a degree of the fuzzy rule as shown in Eq. (21). 

 K�,+ � O. �  QR+	S�. QV+	X�,          � � 1,2 (21) 

Each output node represents the power of the rule. 
Layer 3: Each node in this layer is fixed and the i-node adds 

up all the rules as represented in Eq. (22). 

 K�,+ � O[PPP �
�\

�M/��
          � � 1,2 (22) 

Layer 4: Each node is an adaptive node and multiplied by the 
parameters p, q, and ras shown in Eq. (23). 

 K],+ � O[PPPH+ � O[PPP	I+S � J+X (23) 
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Where O+ is normalizing the degree of activation of layer 3 
and I+J+�+This node's setting parameter is used as a reference 
and can be obtained from the recursive least square estimator 
(RLSE). 

Layer 5: A single node in this layer is fixed and processes 
all summations of inputs as depicted in Eq. (24). 

 K^,1 � ∑ O[PPPH+1 �
∑ �\N\

∑ �\
 (24) 

Then, a distinct adaptive network like the Sugeno fuzzy model 
can be formed from layers 1 to 5. 
 

 

Fig. 5  IFOC-based IM drives with proposed ANFIS d-axis SCR 

 
In this paper, ANFIS was applied to the d-axis SCR as 

shown in Fig. 5 and later used to analyze current performance. 
The structure of ANFIS used is shown in Fig. 6 with the 
composition of MF input 7x7 with a triangular type. 
Moreover, the hybrid training method was used in the ANFIS 
SCR with the output nodes moved to layer four by identifying 
subsequent parameters through the least square method in the 
forward pass of the training process. Error signals were sent 
back while parameters were updated by gradient descent in 
the backward pass.  The parameter was identified optimally 
with a fixed premise condition. Therefore, the hybrid training 
method converged faster since it decreased the original 
backpropagation search space dimension [27]. 

 

 
Fig. 6 Propose ANFIS SCR structure. 

 
Inputs from the ANFIS SCR were error (�), delta error 

(∆�), and one output (a6′′). The error was obtained from the 
d-axis stator current reference subtracted by the d-axis stator 
current resulting from the transformation, while the delta error 
was the current error subtracted by the previous error. 
The plot error of the training results shown in Fig. 7 generated 
an error value of 0.157875%. 

The ANFIS output was FIS as shown in Fig. 8, (a) is the 
MF for input error, (b) is the MF for input delta error, while 
the output had a linear value. Moreover, the surface viewer 
used to test the surface output of a FIS is presented in (c). 
 

 
Fig. 7 The training error results. 
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(a) 

 
(b) 

 
(c) 

Fig. 8 (a) MF of input error, (b) MF of input delta error, (c) surface viewer 

III. RESULT AND DISCUSSION 

In order to evaluate the performance of ANFIS d-axis SCR, 
it was applied on 10 HP IFOC-based IM drives fed by 
CRPWM inverters via MATLAB/Simulink. Comparative 
evaluation studies were observed in two operating conditions, 
constant load and dynamic load, tested in the low-speed 
operation of 10-20% of 1500 rpm used as the rated speed. 
Moreover, the ANFIS d-axisSCR was compared with PI d-

axisSCR regarding dynamic speed performance, phase 
current consumption, d-axisSCR error performance, and THD 
of phase current which was analyzed at a fundamental 
frequency of 50 Hz. The performance error of the d-axis SCR 
was obtained by using the IAE index expressed in Eq. (25) to 
represent the cumulative error, and this indicates the level of 
response concerning the reference [28]. 

 aFb � 4 |�	
�|6

∞

c
 (25) 

 

A. Constant Load 

For the constant load test, IM was operated in low-speed 
operation conditions with setpoints of 300 rpm which is the 
20% of rated speed and 150 rpm which is 10% using 30 Nm 
and 10 Nm loads. 

 

 
Fig. 9 Speed performance with set point of 300 rpm and 30 Nm load. 

 
Figure 9 shows an IM operation's speed response 

performance at the 300rpm set point and a load of 30Nm. 
Through the use of PI, the IM accelerated to a steady-state 
speed of 0.106 s with 0.03486 s rise time, and the steady-state 
value achieved was 289 rpm with an error steady-state (ESS) 
of 3.6%. However, through the application of ANFIS, a 
settling time of 0.104 s with 0.03482 s rise time was produced 
at a steady-state value of 289 rpm and an ESS of 3.6%. This 
means the difference in the settling time for the two methods 
is 0.002 s, and the rise time value is 0.00004 s, while the 
steady-state values and ESS are equal.  

The phase current and d-axis stator current performance are 
shown in Fig. 10 (a) and (b), respectively. It was discovered 
that at the phase current's peak value, the PI consumed 69.94 
A while ANFIS consumed 63.62 A. For the RMS, PI 
consumed 35.89 A while ANFIS consumed 32.32 A in the 
phase current and 33.88 A on the d-axis stator current. 
Moreover, regarding the error performance of SCR, PI 
produced an IAE of 3.723% with a current ripple from -1.9 A 
to 4.5 A, while ANFIS produced 3.331% with a current ripple 
from -1 A to 4 A. 
 

 
(a) 
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(b) 

Fig. 10 Current performance with setpoint of 300 rpm 30 Nm. 

 
Figure 11 shows the phase current THD's performance for 

the two methods, PI in (a) and ANFIS in (b). The results 
showed PI had a THD of 59.98% while ANFIS had 4.44%, 
indicating a difference of 55.54%. 

 

 
(a) 

 
(b) 

Fig. 11 THD of phase current with 300 rpm setpoint 30 Nm (a) PI d-axis SCR 
(b) ANFIS d-axis SCR. 

 
At the same setpoint speed of 300 rpm, the load was 

changed to 10 Nm, and the dynamic speed response 
performance is shown in Fig. 12. Through the use of PI, the 
IM accelerated to a steady-state speed of 296rpm with ESS of 
1.3% for 0.122 s with a rising time of 0.03472, while ANFIS 
also accelerated to 296 rpm with ESS of 1.3% but with a 
settling time of 0.090 s and a rising time of 0.03476 s. 
Therefore, the difference in the settling time is 0.032 s and the 

rising time value is 0.00004 s, while the steady-state value and 
ESS are the same. 

 

 
Fig. 12 Speed performance with set point of 300 rpm and 10 Nm load. 

 
Figure 13 (a) and (b) are phase current and d-axis stator 

current performance, respectively. In a setpoint of 300 rpm 
with a load of 10 Nm, PI was found to have consumed 42.41 
A in the phase current while ANFIS consumed 37.31 A, both 
in peak value. In RMS, PI consumed 20.29 while ANFIS 
consumed 17.51 A while in the error performance of SCR, PI 
produced IAE of 3.735% with current ripple from -2.2 A to 4 
A while ANFIS produced 3.262% with current ripple from -
1.8 A to 3 A. 

 

 
(a) 

 
(b) 

Fig. 13 Current performance with a setpoint of 300 rpm 10 Nm. 

 
The phase current THD performance for PI and ANFIS is 

shown in Fig. 14 (a) and (b), respectively, and the PI had 
65.66% while ANFIS had 10.61%, which means there was a 
difference of 55.05% in the THD value. 
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(a) 

 
(b) 

Fig. 14 THD of phase current with 300 rpm setpoint 10 Nm (a) PI d-axis SCR 
(b) ANFIS d-axis SCR. 
 

 
Fig. 15 Speed performance with setpoint of 150 rpm and    30 Nm load. 

 
After several tests were conducted on the set point of 300 

rpm, a lower setpoint of 150 rpm was also used at the same 
constant loads of 30 Nm and 10 Nm. The dynamic 
performance of the 30 Nm load is shown in Fig. 15 and it was 
discovered that through the use of PI, IM accelerated to the 
steady-state speed of 139 rpm with ESS of 7.3% for 0.071 s 
and a rising time of 0.034 s while ANFIS also showed a 
steady-state speed value of 139 rpm with ESS of 7.3%  at a 
settling time of 0.072 s and rising time at 0.034 s. This shows 

both controllers have the same dynamic speed response but 
are distinguished only by the settling time with a difference 
of 0.001 s. It was also observed that with the use of a lower 
speed of 10% rated speed and the same load, ESS has 
increased compared to the previous test.  

Figure 16 shows the performance of IM of phase current at 
(a) and d-axis stator current at (b). Through the use of PI, the 
phase current response consumed 70.625 A for the peak and 
36.64A for the RMS, while ANFIS consumed 64.72 A and 
32.91 A, respectively. In this case, phase current consumption 
both in the peak and RMS values were quite large compared 
to the two previous cases. Moreover, concerning the error 
performance of SCR, PI produced IAE of 3.738% with a 
current ripple from -2 A to 4.5 A while ANFIS produced 
3.337% with a current ripple from -1.6 A to 4 A. 

 

 
(a) 

 
(b) 

Fig. 16 Current performance with setpoint of 150 rpm 30 Nm. 
 

 
(a) 
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(b) 

Fig. 17 THD of phase current with 150 rpm setpoint 30 Nm (a) PI d-axis SCR 
(b) ANFIS d-axis SCR. 

 
The phase current THD performance for the 150 rpm 

setpoint with a load of 30 Nm is shown in Fig. 17 with (a) for 
PI and (b) for ANFIS. PI was found to have produced a THD 
of 46.05% while ANFIS produced 16.76% with a 
fundamental frequency of 50Hz. This indicates a difference in 
the range of 28.86% between the two controllers.  

When the load was changed to 10 Nm at the 150 rpm 
setpoint, the dynamic speed response performance shown in 
Fig. 18 found that with PI, the IM accelerated to a steady-state 
speed of 146 rpm with ESS of 2.66% at 0.048 s with a rising 
time of 0.034 s while through the use of ANFIS, there was 
146 rpm with ESS of 2.66% at a settling time of 0.051 s and 
rising time at 0.034 s. 
 

 
Fig. 18 Speed performance with setpoint of 150 rpm and 10Nm load. 

 
The performance of the phase current performance is 

shown in Fig. 19 (a) and the d-axis stator current in Fig. 19 
(b). The PI was observed to have consumed 43.62 A in peak 
value and 20.49 A in RMS, while ANFIS consumed 37.71 and 
17.47 A, respectively, in the phase current. Moreover, 
regarding the error performance of SCR, the PI produced an 
IAE of 3.761% with current ripple from -2.2 A to 4 A while 
ANFIS produced IAE of 3.28% with a current ripple from -
1.6 A to 3 A. 
 

 
(a) 

 

 
(b) 

Fig. 19 Current performance with setpoint of 150 rpm 10 Nm. 

 
Figure 20 shows the phase current THD's performance for d-
axis SCR with PI in (a) and ANFIS in (b). The PI was 
discovered to have produced THD of 66.7% while ANFIS had 
21.12% with a fundamental frequency of 50Hz. This 
indicated a difference in the range of 27.53% in this case. 
 

 
(a) 
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(b) 

Fig. 20 THD of phase current with 150 rpm setpoint 10 Nm (a) PI d-axis SCR 
(b) ANFIS d-axis SCR. 

 
 

 
 
It was, therefore, possible to evaluate the dynamic speed 

performance from the values obtained from testing the 
constant load at 20% and 10% of rated speed setpoints. The 
steady-state speed value and ESS were observed to have the 
same values whether using PI or ANFIS in all the setpoints. It 
was also discovered that the ESS value decreased as the load 
in the same setpoint was reduced. Moreover, the rising time 
for setpoint 150 rpm was the same for the two controllers but 
had different values for 300 rpm, though with a quite small 
difference of 0.00004 s. The settling time for ANFIS seems 
faster compared to PI for 300 rpm while the contrary was 
observed at 150 rpm.  

The results of several dynamic speed performance 
parameters in the constant load test are shown in Table 1 and 
it was discovered both PI and ANFIS responses have the same 
speed trend. However, the current consumption by ANFIS is 
smaller than PI for all setpoints and loads and the same was 
observed with THD performance from the phase current with 
ANFIS found to be producing lesser value. Moreover, PI 
produced bigger IAE than ANFIS with an estimated 
difference of 0.481% as shown in Table 2. 

TABLE I 
DYNAMIC SPEED PERFORMANCE EVALUATION 

Speed 

(rpm) 

Load 

(Nm) 

TR (S) Ts (s) 
Steady State 

(rpm) 
ESS (%) 

PI ANFIS PI ANFIS PI ANFIS PI ANFIS 

300 
30 0.03486 0.03482 0.106 0.104 289 289 3.6 3.6 
10 0.03472 0.03476 0.122 0.09 296 296 1.3 1.3 

150 
30 0.034 0.034 0.071 0.072 139 139 7.3 7.3 
10 0.034 0.034 0.048 0.051 146 146 2.6 2.6 

TABLE III 
CURRENT PERFORMANCE EVALUATION  

Speed 

(rpm) 

Load 

(Nm) 

IAE of d-axis 

SCR (%) 

Phase Current 

Peak (A) 

Phase Current 

RMS (A) 

THD of Phase 

Current (%) 

PI ANFIS PI ANFIS PI ANFIS PI ANFIS 

300 
30 3.723 3.331 69.94 63.62 35.89 32.32 59.98 4.44 
10 3.735 3.262 42.41 37.31 20.29 17.51 65.66 10.61 

150 
30 3.738 3.337 70.62 64.72 36.64 32.91 46.05 16.76 
10 3.761 3.28 43.62 37.71 20.49 17.47 66.7 21.12 

 

B. Dynamic Load 

The second test involved constant speed and dynamic load. 
The IM was operated at a constant speed of 300 rpm with a 
constant load of 20 Nm and provided with a disturbance of 30 
Nm for 0.3 s while the speed and current performance were 
observed. The IM was first operated at a 300 rpm setpoint 
with 20 Nm load, and a steady-state speed value of 293 rpm 
with ESS 2.33% was obtained. At 0.3 s, the load was changed 
to 30 Nm for 0.3 s, and the speed decreased to 289 rpm with 
ESS 3.6%. After that, the initial load of 20 Nm was returned, 
and the same steady-state value and ESS were observed, 
which means the dynamic speed response trends between PI 
and ANFIS are the same, as shown in Fig. 21. 

 
 
  

 

 
Fig. 21 Speed response of dynamic load with setpoint of 300 rpm. 
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(a) 

 
(b) 

Fig. 22 Current performance with 300 rpm setpoint for dynamic load 
condition. 

 

 
(a) 

 
(b) 

Fig. 23 THD of phase current when testing in dynamic load and measured 
when the load changes to 30 Nm (a) PI d-axis SCR (b) ANFIS d-axis SCR. 

 

Regarding the current performance, in peak value, PI was 
found to have consumed 68.91 A during the load change and 
56.23 A when it was reduced to the initial load, while ANFIS 
consumed 62.49 A and 51.48 A, respectively, in the phase 
current. This shows a difference of 6.42 A for the phase 
current consumption during the disturbance period, as shown 
in Fig. 22. 

After the disturbance and achievement of a steady state, the 
PI consumed 32.42 A while ANFIS consumed 28.95 A in 
phase current, both in RMS. This indicated a difference of 
3.47 A in the RMS current value. Therefore, with the dynamic 
load test, the current performance in peak and RMS values for 
ANFIS was smaller. Furthermore, the performance of error in 
IAE for PI was 3.727% while ANFIS produced 3.304%, and 
this showed a difference of 0.423% in this case. In the 
disturbance period, phase current THD was observed, and the 
PI was found to have 37.6%, while ANFIS had 11.95% as 
shown in Fig. 23 (a) and (b) respectively. This, therefore, 
showed a difference in the range of 25.65%. 

IV. CONCLUSION 

ANFIS controllers for d-axis SCR was designed and 
implemented on 10 HP IM drives based on IFOC through 
MATLAB/Simulink. The performance of dynamic speed, 
current consumption in peak and RMS value, SCR error 
performance, and the phase current THD under low-speed 
operating conditions of 10-20% of rated speed were analyzed 
while ANFIS SCR was compared with PI SCR. The PI and 
ANFIS were discovered to have produced the same speed 
response trend from both constant and dynamic load tests. 
However, there was a reduction of 2.78 A - 6.32 A in phase 
currents consumption, both in peak and RMS value. 
Furthermore, a decrease in the range of 25.65% - 55.54% was 
also observed for THD. Therefore, the application of ANFIS-
based SCR on IFOC was found to have the ability to optimize 
current ability and ensure high performance for IM drives in 
low-speed operations. 
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